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(54) Patient monitoring module 

(57) A patient monitoring/signal processing module 
(100) with increased electrical isolation is disclosed. 
The combination of an inner isolation piece (2) and an 
isolation film (11) provide signal isolation and electrical 
over-voltage protection between a lower, isolated por- 
tion of the unit defined by a lower housing (3) and the 
isolation piece (2) and an upper, non- isolated portion of 
the unit, defined by an upper housing (1) and the isola- 



tion piece (2), increasing the module's (100) ability to 
survive an over- voltage condition without damage to 
itself or to the patient to whom it is coupled. The combi- 
nation of the isolation film (11) and the isolation piece 
(2) results in a much thinner module than would other- 
wise have been necessary to achieve the same levels of 
signal and electrical isolation. 
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Description 

Field of the Invention 

This invention is in the field of medical instrumenta- 
tion and patient monitoring systems, in particular, the 
present invention relates to miniaturized patient moni- 
toring systems. 

Background of the Invention 

Monitoring systems for critically and acutely ill 
patients are known. Such units can monitor and contin- 
uously display patient vital signs including heart rate, 
blood pressure, measured both invasively and non-inva- 
sively, temperature, cardiac output, blood oxygen satu- 
ration and other signs. Known patient monitoring 
systems function well, but several operational difficulties 
are known. 

Many known systems are large, independent units, 
which process received data internally and display it on 
a connected monitor. The size of such units makes 
them difficult to move. When patients are moved from 
their room to an operating theater or examining area, 
they must be disconnected from the monitoring system 
in their present location and then reconnected to 
another monitoring system in the new location. This 
process of connecting and disconnecting the patient is 
time consuming and results in periods of time when the 
patient is not connected to a system and is conse- 
quently not monitored. The possibility of connecting the 
patient incorrectly also exists. 

Designers of patient monitoring systems have 
sought to reduce the size of their systems to facilitate 
transportation. One system resulting from these efforts 
is disclosed in U. S. Patent No. 4,715,385, which 
describes a monitoring system with a data acquisition 
and processing module and a bedside display unit 
and/or a portable display unit. The portable display unit 
accompanies the patient during transport. It is also pos- 
sible to connect both display units simultaneously so 
that no data is lost during a patient transfer. 

The data acquisition and processing modules 
receive signals generated by sensors attached to the 
patient and perform initial signal processing. Typically, 
they lack large storage memories or displays. Each of 
these modules must be coupled in turn to a larger 
processing unit with a display. The advantages of this 
type of system are that the patient can be quickly con- 
nected and disconnected from the module without much 
disturbance, and a large central processing and display 
unit can be used with many independent signal 
processing modules. 

Although this approach offers many benefits, col- 
lection of many types of signals and processing them in 
a small module present many challenges. Analog and 
-digitaUsignals-may^needrtOrberelectrically-isolated^from- 
one another. To avoid damage to the module and possi- 
ble injury to the patient, a high degree of electrical isola- 



tion from both the power supply and static electricity 
sources must be achieved. Unfortunately, signal and 
electrical isolation is difficult to achieve in a small signal 
processing module. 

5 What is needed is a miniaturized patient data col- 
lection/data processing module that can monitor and 
collect many different vital signs from the patient simul- 
taneously, process those signals without mutual inter- 
ference and maintain a high degree of electrical 

10 isolation from both the larger monitoring system and the 
power supply. 

Summary of the Invention 

is The present invention, in its first preferred embodi- 
ment, comprises a miniaturized patient monitoring/sig- 
nal processing module which maintains signal isolation 
to prevent mutual interference and electrical isolation to 
prevent patient and system damage from electrical 

20 over-voltages. 

The module comprises a lower housing, upon 
which a first printed circuit board is mounted. The first 
printed circuit board has first connectors, which couple 
to sensors attached to the patient, and an isolation 

25 block. An isolation piece overlies the lower housing and 
the first printed circuit board, the sides of the isolation 
piece interlocking with the lower housing, and the isola- 
tion block extending through a first opening in the isola- 
tion piece. A second printed circuit board rests on the 

30 top surface of the isolation piece and is coupled to the 
first printed circuit board through the isolation block. A 
second connector which rests in an indentation in the 
isolation piece provides power to the second printed cir- 
cuit board and allows the module to be coupled to an 

35 external monitoring unit with a display. An upper hous- 
ing overlies the second printed circuit board and inter- 
locks with the sides of the isolation piece. The module 
has a first compartment, defined by the lower housing 
and the isolation piece, and a second compartment, 

40 defined by the upper housing and the isolation piece, 
which are electrically isolated from one another. 

The isolation block electrically isolates the upper 
and lower compartments by providing a first transformer 
half and first electro-optical transceivers coupled to the 

45 first printed circuit board. An isolation film overlies the 
transformers and transceivers, extending at least some 
distance in front of and behind the transformers and 
transceivers. A second transformer half and second 
electro-optical transceivers are placed over the first 

so transformer half and the first electro-optical transceivers 
and are in optical and magnetic communication there- 
with. The film permits the upper and lower transformer 
halves to lie in closer proximity than would otherwise be 
possible rf only air was used as the insulator between 

55 the two halves, while the block still provides an electrical 
over-voltage protection level of at least 16 kV. 
— »^--^The-oombination^oMhe^isolation^piecer isolation 



block and isolation film allows the construction of a 
medical patient monitoring module with electrical over- 
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voltage protection of at least 16 kV with a final module 
thickness much less than would otherwise be neces- 
sary. 

A significant advantage of the present invention is 
that a thin module can be constructed without any sig- 
nificant increase in manufacturing costs while still 
achieving adequate levels of electrical over-voltage pro- 
tection and signal isolation. 

Brief Description of the Drawings 

Fig. 1 is a perspective view of the assembled mod- 
ule comprising the preferred embodiment of 
the present invention; 

Fig. 2 is an exploded isometric drawing of the mod- 
ule shown in Fig. 1 ; 

Fig. 3 is a detailed exploded isometric view of the 
isolation block shown in Fig. 2; 

Fig. 4 is a first cross-section of the assembled mod- 
ule, taken along the line A-A in Fig. 1 ; and 

Fig 5 is a second cross-section of the assembled 
module, taken along the line B-B in Fig. 1 . 

Detailed Description of the Preferred Embodiments 

Patient monitoring module 100 is shown assembled 
in Fig. 1. It comprises upper housing 1 , lower housing 3 
and connectors 8 which are coupled to the various sen- 
sors attached to the patient. The sensors themselves 
are not shown. Some of the vital signs that can be mon- 
itored are temperature, blood pressure, measured both 
invasively and non-invasively, ECG, blood oxygen satu- 
ration, and blood flow/cardiac output. Certain of these 
sensed vital signs are delivered to module 100 as ana- 
log signals and others are delivered as digital signals. 
The analog and digital signals require different process- 
ing and must be kept from interfering with one another. 

The exploded isometric drawing of module 100 
shown in Fig. 2 shows the major components of the 
module and their relationship to one another. Lower 
printed circuit board 6 is electrically coupled to both 
connectors 8 and isolation block 7. It is mechanically 
connected to both the isolation block and front panel 37 
into which connectors 8 are inserted. When assembled, 
lower printed circuit board 6 rests on lower housing 3. 
Printed circuit board 6 is divided by slots 31 into three 
separate processing portions, each processing informa- 
tion from one sensor attached to the patient. These 
channels float at the patient's voltage potential. 

Isolation piece 2 lies over lower printed circuit board 
6 and is press-fitted into lower housing 3. After assem- 
bly, isolation piece 2 covers lower printed circuit board 6 
fully and surrounds the rear of connectors 8. Isolation 
block 7 is inserted through opening 10 in isolation piece 
2. Second connector 9 rests within an indentation(not 
shown) in isolation piece 2, which indentation surrounds 
the lower-sides of connector-9-Gonnector-9 is coupled 
to upper printed circuit board 5. In operation, second 
connector 9 couples module 100 to an external patient 



monitoring system and provides power to module 100. 
Upper printed circuit boards 4 and 5 are press fitted into 
a space on the upper surface of isolation piece 2. 
Finally, upper housing 1 snaps together with isolation 

5 piece 2 to form the completed module 1 00. Upper hous- 
ing 1, isolation piece 2, and lower housing 3 are all 
injection molded from ABS/PC plastic. 

Fig. 4 illustrates more clearly the positions of the 
components after the module is assembled and shows 

io how isolation piece 2 electrically and physically sepa- 
rates printed circuit board 6 from printed circuit boards 4 
and 5. Side rails 33 of isolation piece 2 interlock with 
lower housing 3 and upper housing 1. They create a 
minimum over-voltage pathway along the sides of mod- 

is ule 100 that any electrical over-voltage would have to 
travel before affecting the electronic circuitry of module 
100. This pathway maintains electrical isolation along 
the sides of module 1 00 at over-voltage levels of at least 
16 kV. 

20 The placement of isolation piece 2 between the 
lower and upper printed circuit boards serves to electri- 
cally isolate the boards from one another. As signals 
must pass from the lower circuit board to the upper cir- 
cuit boards, it alone cannot insure sufficient electrical 

25 and signal isolation. This is especially so as there is an 
opening 10 in isolation piece 2(Fig. 2) to allow commu- 
nication between the two parts of the module. 

Fig. 3 is a detailed exploded isometric drawing of 
isolation block 7. Like module 100, the assembled isola- 

30 tion block 7 is comprised of an isolated region and a 
non-isolated region. Printed circuit board 6 is effectively 
divided into three channels A, B, and C by slots 31 and 
provides three different signals to the patient monitoring 
system. Printed circuit board 6 is coupled to a lower iso- 

35 lation block printed circuit board 13 by means of pin 
contacts 22. Other types of contacts could be used, as 
necessary. Optical transceivers 18/19, each typically 
comprised of at least a light emitting diode and a photo- 
diode or a photo-transistor are coupled to printed circuit 

40 board 13. Lower transformer halves 1 5 are also coupled 
to the lower printed circuit board 13. In an embodiment 
of the present invention, the transformer halves are 
embedded in an epoxy potting compound and form a 
rectangular unit. In other embodiments, the transform- 

45 ers are not embedded in such a compound. Although 
the porting compound increases the electrical isolation 
of the upper and lower portions of isolation block 7, iso- 
lation film 1 1 alone provides the minimum electric over- 
voltage protection for block 7. 

so Isolation film 1 1 is placed over transformer halves 
15 and extends from forward edge 35 of the lower trans- 
former half to at least completely cover the lower trans- 
former half. Its minimum width is 10.5 mm and portions 
of it may extend both in front of forward edge 35 and 

55 behind the lower and upper transformer halves. Film 1 1 
has several holes punched through it, to allow optical 

communication between optical transceivers 18/19 on 

lower printed circuit board 13 and upper optical trans- 
ceivers 16/17 on upper isolation block printed circuit 
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board 12. Like the tower transformer halves, the upper 
transformer halves may be embedded in an epoxy pot- 
ting compound. In the first preferred embodiment, light 
fibers 20 are placed between the transceivers pairs for 
improved optical communication. Light fibers 20 are 
glued to upper and lower transceivers 16/17 and 18/19 
with a transparent optical glue which insures maximum 
light transmission between the transceivers. Third con- 
nector 21 couples the upper isolation block printed cir- 
cuit board 12 to upper printed circuit boards 4 and 5. 
The assembled combination of lower isolation block 
printed circuit board 13, upper and lower transformer 
halves 15 and 14, plastic isolation film 11 between the 
upper and lower transformer halves, optical transceiver 
pairs 1 8/1 9 and 1 6/1 7, and upper isolation block printed 
circuit board 12 is inserted and press-fitted into space 
25 in housing 24. A non-transparent potting compound 
such as epoxy is then injected into the assembly. The 
completed assembly inserts through opening 1 0 in iso- 
lation piece 2. 

In an first alternative embodiment, the non-trans- 
parent potting compound is molded with channels 
therein. These channels align with the transceivers after 
the isolation block is assembled and are filled with an 
optically transparent material. In this embodiment, no 
separate light fibers are needed between the transceiv- 
ers. In another embodiment, separate light pipes could 
be mounted on the upper and lower transceivers and 
aligned across the isolation film. In this embodiment, the 
isolation film would not have holes punched through it. 

The signals which are obtained by channels A, B, 
and C on lower printed circuit board 6 are converted into 
optical signals by transceivers 18/19 and transmitted to 
transceivers 16/17. This provides the necessary signal 
isolation between the upper and lower portions of mod- 
ule 100. The necessary electrical isolation is obtained 
by the use of the isolation film 1 1, the isolation block 7, 
and the isolation piece 2. 

A cross-section of module 100, shown in Fig. 5, 
shows the relative position of the transformers and the 
isolation film after the entire module has been assem- 
bled. The combination of film 11, isolation piece 2, and 
isolation block 7 creates a pathway of at least 21 millim- 
eters which an over-voltage must travel to reach the 
printed circuit boards. This distance results in a mini- 
mum over-voltage protection level of at least 16 kV 
Depending on such factors as relative humidity and par- 
ticulates, the same arrangement may provide over-volt- 
age protection of up to 21 kV. This level of electrical 
isolation is much greater than could be achieved by 
merely maintaining an air gap of equivalent thickness 
between the upper and lower transformer halves. 
Although film 1 1 is pierced in several places to provide 
for light fibers to couple the optical transceivers 
together, the epoxy potting compound which surrounds 
both halves of the transformers as well as the light fibers 
- themselves^maintaiiTs^the^ 
isolation. Rails 33 of isolation piece 2 (see Fig. 4) also 
increase the minimum level of electrical over-voltage 



protection afforded by module 100. In this manner, 
upper and lower portions of module 1 00 are effectively 
hermetically isolated from one another without the 
necessity of completely surrounding the relative por- 
5 tions with solid, injection molded plastic, permitting a 
thinner final module than would otherwise be possible. 

Claims 

w 1. A signal processing module (100) with electrical 
over-voltage protection and signal isolation, com- 
prising: 



a lower housing (3) with a first internal surface; 
a 1irst printed circuit board (6) with a first con- 
nector (8) and an isolation block (7), the first 
printed circuit board(6) mounted on the first 
internal surface of lower housing (3); 
an isolation piece (2) with an upper surface 
mounting over the first printed circuit board (6) 
and having a first opening (10) for the isolation 
block (7) and a first indentation for a second 
connector (9), the second connector (9) cou- 
pling the module(100) to a monitoring system 
and a power supply; 

second printed circuit boards (4, 5) mounting 
on the upper surface of the isolation piece (2) 
and coupled to the first printed circuit board (6) 
by the isolation block (7), the second connector 
(9) being coupled to one of the second printed 
circuit boards (4,5); and 
an upper housing (1 ) mounting over the second 
printed circuit boards (4,5) and mechanically 
coupled to the lower housing (3) and the isola- 
tion piece (2) to form the signal processing 
module (100). 

2. A signal processing module with an isolation block 
(7), the isolation block (7) comprising: 

a lower signal and power section (15, 18, 19); 
an isolation film (11) overlying the lower signal 
and power section (15, 18, 19) and extending a 
predefined distance beyond the lower signal 
and power section (15, 18, 19); and 
an upper signal and power section (14,16,17) 
overlying the isolation film (11), the upper and 
lower signal and power sections being in opti- 
cal and electro-magnetic communication with 
one another through the isolation film (1 1), the 
isolation film (11) providing electrical over-volt- 
age protection between the lower and upper 
signal and power sections. 



55 3. The signal processing module of claim 2 wherein 
the isolation film (11) has at least a first dimension 
exceeding^ 0:5-Trrm^and=a^second^dimension~ 
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exceeding the length of the upper and lower signal 
and power sections (15,18,19;14,16,17). 
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4. The signal processing module of claim 1 wherein 
the isolation piece (2) has side rails (33) which cou- 
ple with the upper housing (1) and the lower hous- 
ing (3) when the module (100) is assembled, the 
side rails (33) faming a channel of at least 21 mm 5 
along the sides of the module (100), over which an 
electrical over-voltage would flow. 

5. The signal processing module (100) of claims 1 and 

2, wherein the signal processing module (100) 10 
processes patient vital signs. 

6. The signal processing module of claims 1 and 2 
wherein the first printed circuit board (6) is divided 
into three electrically separate channels (A, B, C) is 
and the lower and upper signal and power sections 
(15,18,19;14,16,17) have three separate channels. 

7. The processing module (100) of claim 5 wherein 

the first printed circuit board (6) floats at the 20 
patient's potential voltage level. 

8. The signal processing module (100) of claim 2 
wherein the isolation film (1 1) extends beyond both 

a front and rear edge of the lower and upper signal 25 
and power sections (15,18,19:14,16,17). 

9. A method for providing signal isolation and over- 
voltage protection in a signal processing unit (100), 

the method comprising the steps of: 30 

dividing the unit (100) into a first signal 
processing section (3,2) and a second signal 
processing section (1,2) by means of an isola- 
tion shield (2); 35 
creating a first opening (10) in the isolation 
shield (2) for signal communication and power 
transmission between the first (3,2) and sec- 
ond (2,1) signal processing sections; 
transmitting signals between the first (3,2) and 40 
second (1,2) signal processing sections by 
means of light signals directed through the first 
opening (10); 

transmitting power between the first (3,2) and 
second (2,1) signal processing sections by 45 
means of an electrical transformer having a 
first half (15) in the first signal processing sec- 
tion (3,2) and a second half (14) in the second 
(1,2) signal processing section; and 
placing an isolation film (1 1) in the optical path- so 
way between the first (3.2) and second (2,1) 
signal processing sections and between the 
first (15) and second (14) transformer halves, 
the isolation film (11) permitting optical signal 
communication, and the isolation film (11) and 55 
the isolation shield (2) cooperating to electri- 

cally-isolate the first-(3,2) and second (2^1) sig 

nal processing sections from one another. 
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Fig. 4 
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